Thus, the clinical presentation of each is dependent on the particular distribution of affected cells, causing a broad spectrum of endocrine and non-endocrine manifestations. Typical endocrinopathies are precocious puberty, hyperthyroidism, growth hormone excess, hyperprolactinemia and hypercortisolism.
The onset of symptoms in childhood with precocious puberty, café-au-lait spots (often unilateral on the same side as the bone manifestation) associated with various endocrinopathies. Variable forms of endocrinopathies can be encountered in MAS patients. Hyperthyroidism, goitre, hyperparathyroidism, pituitary adenoma, hyperadrenocorticism, gigantism, acromegaly, luteinised follicular cysts of the ovaries, gynaecomastia and accelerated growth without precocious puberty. [7, 8] Although, the extent of the abnormality of the endocrine system is highly variable from patient to patient, depending on the specific tissues involved in the mosaicism and the extent of involvement. [5] Deafness and blindness can result from the impingement of the bony process over the cranial foramina. [9, 10] Advanced skeletal maturation, premature closure of growth plates resulting in short stature, associated with unilateral PFD (the femur is the most common site) and dens skull lesions are the most common radiological abnormalities in patients with MAS. [10] 
MATERIALS AND METHODS
The study protocol was approved by the Medical University of Vienna (Ethics Committee, EK Nr. 921/2009), and informed consents were obtained from the patient's guardians. Our patients were of different ethnic origins. The patients' records were studied at the Department of Bone Disorders (Orthopaedic Hospital of Speising), Vienna, Austria.
Extensive search for specific phenotypic features, natural history and skeletal surveys were performed to prepare this study, which is illustrative of the spectrum of the clinical and radiographic and reconstruction computed tomography (CT) scan phenotypes which were followed by the molecular confirmation of a GNAS 1 mutation in three patients (the other two patients were diagnosed on clinical and radiographic phenotypes which were compatible with MAS).
Diagnosis of MAS in our series of patients was made on the basis of clinical and hormonal examinations.
Skin café-au-lait hyperpigmentation (irregular borders were not raised from the surrounding skin). In one patient, it was extensive and involved large areas of the trunk.
Precocious puberty was observed in four patients. The heights in the children group of patients (one patient) was on the 97 th percentile. In three adult patient, the stature was below the average because of their early maturation. Endocrinological assessment through a series of investigations which included thyroid function tests, prolactin, growth hormone, follicle stimulating hormone (FSH), testosterone, luteinizing hormone, FSH, testosterone, oestrogen, parathyroid hormone and comprehensive metabolic panel have been performed accordingly Height, weight, developmental milestones and bone age were evaluated in all patients. Metabolic parameters of blood calcium, phosphates, alkaline phosphatase, urinary calcium, phosphates, and hydroxyproline. Skeletal surveys were taken, included skull, ribs, and the affected bones and magnetic resonance imaging of the head was done. In the long bones, the lesions started mainly in the metaphyses.
There was involvement of the skull in one patient in whom there was involvement of the facial bones associated with dental abnormalities. The pain was rated on a scale from 0 to 9 for severe. The number of spontaneous fractures was recorded and were seen in four female patients, and it occurred after mild trauma and Trendelenberg gait and limited mobility, limb and skull deformities, visual and hearing loss were all assessed. Angular deformities were illustrated via reconstruction three-dimensional (3D) CT scan in the long bones causing effectively the development of shepherd's crook deformity in the proximal femur. Progressive genu valga was diagnosed in one patient. Three-dimensional reconstruction CT scan of the proximal femora showed repetitive microfractures with subsequent development of 'shepherd's crook' deformity associated with significant varus deformity more marked at the right side which was the reason of femoral shortening and Trendelberg gait along with mobility restriction overwhelmed by intractable pain were the main features [ Figure 1 ].
SURGICAL INTERVENTIONS AND RESULTS
We referred to surgery in cases with painful or fractured bones, and/or severe deformities of the lower limbs and joint contractures impending posture and gait. Operative interventions were needed because of the repetitive pathologic fractures and the lesions caused progressive deformity that endangered the integrity July-September 2016 / Vol 13 / Issue 3 African Journal of Paediatric Surgery of the long bones and the apparent disfigurement. The main aim was to realign the deformed bones to improve weight bearing and function. In the presence of impaired bone quality, even mild deformities tend to progress because of loading by body weight and muscle tension. For that reason general approach to deformity correction included some basic principles:
• Mild deformities in growing children -guided growth for realignment and prevention of progress • Mild and moderate deformities after skeletal maturity (which is generally premature in MAS) -corrective osteotomies with intramedullar nailing.
Anteroposterior (AP) standing radiograph of the lower limbs showed the typical consequence of surgical procedures for correction of severe progressive deformities of the lower limbs as demonstrated by a girl who underwent osteotomy of the both femora for varus deformity primarily at the age of 7 years. Fixation was performed with custom blade plate. After 3 years deformity recurred and screws migrated. Because of deterioration of gate, progressive deformity, limping and pain removal of the plate, re-osteotomy of the right femur was done (fixation with static intramedullary locking nail) [ Figure 2 ]. At the age of 11 years dynamisation of intramedullary nail (removal of locking distal screws) was performed in order to improve bone healing and diminish risk of stress fractures across the nail. Two years after pain recurred and radiography revealed protrusion of proximal part of the nail leading to direct contact (impingement) with iliac bone. Due to recurring coxa vara and impingement removal of the intramedullary nail, re-osteotomy of the right femur (with 40° valgisation) and re-fixation with intramedullary locking nail were done. 1, 5 years after correction of deformity of right tibia with intramedullary nail was performed. At the age of 19-year-old coxa vara recurred again (bilaterally). Removal of intramedullary nail (right femur) and blade plate (left femur) with 60° valgisation were accomplished by fixation with intramedullary nails. AP radiographs of femora of the same girl at the current stage of treatment. Bilateral intermedullary locking nails applied (special locking nail designed by Prof. F Hefti) [ Figure 3 ]. One male patient of 11-year-old-presented with progressive genu valga and guided growth technique with 8-plates was performed bilaterally. During 1 year of postoperative surveillance partial correction of deformity was achieved (from 19° to 11°). Nevertheless, additional correction with corrective osteotomy may be potentially necessary in future for definitive alignment. Standing AP radiographs of the lower limbs of 11-year-old-boy with MAS, genua valga and coxa vara were present bilaterally. Temporary hemiepiphysiodesis of medial parts of distal femoral growth plates for correction of valgus deformity have been applied [ Figure 4 ].
DISCUSSION
Monostotic fibrous dysplasia (MFD), PFD, and MAS are disease processes linked in their common aetiology and [ 1, 2] MAS is the association between PFD, cutaneous pigmentation and precocious puberty. The FD may involve any bone although some sites are preferentially affected, such as the upper end of the femur. Involvement of long bones results in bowing, pain and sometimes fractures. Involvement of the bones of the skull results in facial asymmetry, prognathism and proptosis. Radiographs of the skull may reveal hyperostosis. Cafe au lait spots of the skin are characteristic; they are usually large and are distributed asymmetrically with an irregular border. The café-au-lait spots seen in association with FD are the result of GSP-bearing melanocytes in which the mutation brings about c-AMP-mediated tyrosinase gene activation and melanin production in mutation-bearing cells. There are no well-defined effective treatments for the hyperpigmentation seen in MAS. Attempts to bleach areas of hyperpigmentation usually leave an area of under pigmentation, which is usually unsatisfying to the patient. [3] [4] [5] 10] FD of the skull may cause encroachment of the optic nerve. Precocious puberty occurs in 50% of affected females and in some males. [10] Papadopoulou et al. [11] reported a male with precocious puberty and hyper-secretion of growth hormone. Hyperthyroidism and Cushing's syndrome are complications. When this occurs in the neonatal period, the bone lesions may not be typical, and there may be diffuse osteoporosis without obvious FD or widening of metaphyses with scattered irregular lucencies in the vertebrae, pelvis and long bones. [12, 13] Males with this condition might have testicular microlithiasis. [14] The condition is caused by somatic mutation of the GNAS1 gene for the alpha-subunit of G-protein, leading to overactivity of adenylyl cyclase. [5, 15] Mutations in the same gene have also been found in MFD. [12] Loss of function of the same gene leads to Albright hereditary osteodystrophy.
Candeliere et al. [16] studied 8 patients with various forms of FD and found high levels of c-fos expression in bone lesions. This proto-oncogene codes for a nuclear protein that is part of the transcription factor AP-1. Two of the patients had GNS1 mutations. The authors concluded that increased adenylate cyclase activity causes increased expression of the c-fos proto-oncogene.
Treatment of patients with MAS with pamidronate was carried out by Liens et al. [17] they observed decreased bone pain and four cases showed radiological evidence of thickening of cortices and refilling of osteolytic lesions. Others concluded that this treatment is an effective therapeutic modality for children with PFD, with a good short-term safety profile. [18] In MAS, the main skeletal pathology is the PFD, operative intervention is needed when repeated pathologic fractures have occurred and when these lesions cause significant or progressive deformity that risking the integrity of the long bones, or that leads to unacceptable disfigurement, or when associated with pain. The prime goal of treatment is to realign the deformed bone, particularly in the weight-bearing zones. However, when micro-fractures involve the proximal femur, surgical intervention is the preferred treatment approach. Osteotomies are required to achieve satisfactory alignment because bowing of the bone (malunions) is common after fractures, this is particularly important in cases in which Shepherd's crook deformity is present as seen in our patients. [19] Guided growth technique becomes more and more popular in the recent years. The idea of temporary hemiepiphysiodesis , which is well known from the works of Blount, which has been considered as the 'second birth' with the appearance of new hardware, invented by Peter Stevens. [20] This technique, is also known as 8-plate, consists of the extraperiosteal application of small, low profile two-hole plate and over-passing growth plate. This technique has the benefits compared to previous techniques, which are widely discussed in the literature. Missing the details, these advantages lead to wide spreading of the method for different indications, including skeletal dysplasias (use of the eight-plate for angular correction of the knee deformities due to idiopathic and pathologic physis). [21] Therefore, it is preferable to design treatment in accordance with the etiological background.
Summary
Surgical management of patients with deformities of lower limbs in patients with MAS is challenging because of progressive natural course, poor bone quality and numerous comorbidities. Orthopaedic surgeons should be ready for recurrence of deformity, insufficiency of fixation and migration of implants. Nevertheless, surgical management is necessary for prevention of major complications such as pain, fractures and severe disability and to successfully achieve the main goals of restoring function and biomechanics. On the one hand, constant awareness for recurrence of deformity and progress of the disease is mandatory, and on the other hand, the necessity to develop patient's education and to plan for regular radiographic surveillance/3D CT scan, are considered as the key points in controlling the unpleasant/unpredictable narrowing of the cranial foramina and the progressive skeletal abnormalities.
